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Previous studies have identified a magnocellular pathway defect in approximately 75 % of dyslexics. 
Since these experiments have not classified dyslexia into subtypes, the purpose of this experiment 
was to determine if adult dyseidetic dyslexics or dysphoneidetic dyslexics uffer from a defect in the 
magnocellular pathway. Nine dyseidetic dyslexics, eight dysphoneidetic dyslexics, and nine normal 
readers participated in the experiment. Contrast sensitivity functions (CSF) were determined with 
vertically oriented sine wave gratings (0.5, 1.0, 2.0, 4.0, 8.0, 12.0 c/deg drifting at 1 and 10 Hz) by 
employing a two-alternative, forced-choice technique. The results of the experiment indicated that 
dysphoneidetic dyslexics had reduced sensitivity to low spatial frequencies at 10 Hz, whereas 
dyseidetic dyslexics did not have reduced sensitivity at either I or 10 Hz. These results suggest hat 
the type of dyslexia influences whether losses in perception are found which are consistent with a 
magnocellular deficit. 
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INTRODUCTION 
Dyslexia is a specific reading disability that affects 
approximately 4-10% of the population (Rutter, 1978; 
Shaywitz, Shaywitz, Fletcher & Escobar, 1990). 
Although the exact etiology of dyslexia is not known, 
recent research in visual processing suggests that 
dyslexic individuals have a defect in the magnocellular 
pathway (Livingstone, Rosen, Drislane & Galaburda, 
1991; Lehmkuhle, Garzia, Turner, Hash & Baro, 1993). 
The abnormal magnocellular pathway processing of 
dyslexics may be associated with their poor reading 
ability. However, the exact relationship between a deficit 
in the visual pathway and the language components of 
reading remains unclear. One possible method to address 
this problem is to identify characteristic language coding 
errors in dyslexics with a magnocellular deficit. 
There is evidence suggesting that the lower level 
components of the visual system are comprised of two 
parallel pathways: magnocellular and parvocellular 
(Livingstone & Hubel, 1988; Merigan & Maunsell, 
1993). The magnocellular pathway carries achromatic 
information for stimuli that are of low luminance, low 
contrast, and high temporal frequencies. The parvocel- 
lular pathway processes chromatic information and is 
more sensitive to high spatial frequencies. The parvocel- 
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lular pathway also has reduced sensitivity to low 
contrasts, low luminance levels, and high temporal 
frequencies. Thus, by using appropriate stimuli, visual 
detection can be biased towards either the magnocellular 
or parvocellular pathway. 
Evidence of a magnocellular pathway deficit in 
dyslexics comes from both electrophysiological nd 
psychophysical evaluations of the visual system. Living- 
stone et al. (1991) using visually evoked potentials (VEP) 
found that dyslexic individuals demonstrated reduced 
amplitudes to low-contrast stimuli at high temporal 
frequencies. Lehmkuhle et al. (1993) found that the 
latencies of the early components (N1 and P1) of the VEP 
were longer in reading disabled children for a low spatial 
frequency target but not for a high spatial frequency 
target. May, Lovegrove, Martin and Nelson (1991) also 
found a reduced response for low spatial frequency 
stimuli. Thus, studies using the VEP suggest that 
dyslexics have a magnocellular pathway deficit. 
Psychophysical lines of evidence are similar. Studies 
investigating contrast sensitivity functions in poor read- 
ers have found reduced sensitivity to low spatial 
frequencies (Lovegrove, Bowling, Badcock & Black- 
wood, 1980; Lovegrove, Martin, Bowling, Blackwood, 
Badcock & Paxton, 1982; Martin & Lovegrove, 1984). 
Furthermore, Martin and Lovegrove (1987) found that 
poor readers were less sensitive to a broad range of 
spatial frequencies when stimuli were presented at high 
temporal frequencies. This study also found reduced 
sensitivity to low spatial frequency stimuli as the 
temporal frequency was increased. 
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Despite abundant evidence in favor of a magnocellular 
deficit, not all studies have confirmed this result. Smith, 
Early, and Grogan (1986) used a flicker masking 
technique to inhibit magnocellular functioning in a group 
of dyslexic boys and a group of age matched controls. 
The results of this study indicated little difference 
between dyslexic and normal readers that would reflect 
a magnocellular deficit. Gross-Glenn, Skottun, Glenn, 
Kushch, Lingua, Dunbar, Jallad, Lubs, Levin, Rabin, 
Parke and Duara (1995) measured contrast sensitivity for 
low and high spatial frequency targets at several stimulus 
durations. The dyslexic subjects were less sensitive at 
12.0 c/deg at the shortest stimulus durations (< 102 msec) 
but no differences were seen for the low spatial frequency 
target. This result is not consistent with a deficit in the 
magnocellular pathway. Victor, Conte, Burton and Nass 
(1993) replicated the study by Livingstone t al. (1991) 
using low-contrast stimuli presented at a variety of 
temporal frequencies. The results of their investigation 
showed no significant difference between the dyslexic 
and normal readers for low-contrast timuli presented at 
high temporal frequencies. However, Victor et al. (1993) 
were unable to record reliable VEP waveforms at these 
low-contrast levels even in normal subjects, indicating 
that there may have been a methodological problem. 
Thus, not all studies agree that dyslexics have a 
magnocellular deficit. 
One possible reason for the contradictory findings is a 
sampling bias when choosing subjects with reading 
impairments. Lovegrove, Garzia and Nicholson (1990), 
in summarizing research on a magnocellular deficit in 
specific reading disabilities, found that approximately 
75% of the specific reading disabled subjects uffered 
from a magnocellular pathway deficit. Thus, a significant 
number of individuals who have reading disorders do not 
suffer from a deficient magnocellular pathway. Studies 
that find negative results could be biased in favor of 
subjects without he visual processing deficit. Therefore, 
it becomes important to identify characteristics of 
subjects with and without a magnocellular deficit. This 
may offer insights into exact relationships between visual 
processing and reading disorders which remains unclear 
at the present time. A logical approach to subject 
selection is to use current subtype models of specific 
reading disability or dyslexia. 
Previous studies investigating a magnocellular deficit 
have defined dyslexia or reading disability using an 
exclusionary approach (Critchley, 1964). That is, in- 
dividuals are reading below expected grade level but 
meet the following criteria: normal intelligence, no 
emotional problems, no sensory deficits, and normal 
educational opportunity. However, recent research in- 
dicates that within the above group there exists different 
subtypes of dyslexia. The exact definition of the subtypes 
depends on the psychological, psycholinguistic, or 
neuropsychological procedures used to identify them 
(Hooper & Willis, 1989; Flynn & Boder, 1991). We have 
chosen the approach originally advocated by Boder 
(1971), which defines dyslexia as a specific reading 
disability caused by poor eidetic or phonetic coding 
skills. She identified three basic subtypes: dyseidesia, 
dysphonesia, nd dysphoneidesia. Dyseidesia is a deficit 
in the ability to perceive whole words as visual gestalts 
and match these words with auditory gestalts. Phoneti- 
cally regular words (e.g., stop, did, devoted) present no 
problem for correct decoding but phonetically irregular 
words (e.g., laugh, does, foreign) may not be decoded 
correctly (e.g., log for laugh). Similarly, spelling errors 
often include phonetic equivalents (e.g., laf for laugh or 
duz for does). The estimated prevalence of dyseidesia 
among dyslexic individuals ranges from 10 to 30% 
(Flynn & Boder, 1991; Flynn & Deering, 1989). On the 
other hand, dysphonesia is a deficit in word analysis 
synthesis skills. Dysphonetics have difficulty using 
grapheme-phoneme relationships when encountering 
unfamiliar words and may also make semantic substitu- 
tions during reading (e.g., home for house) Additionally, 
their spelling errors are not adequate phonetic equivalents 
(e.g., anaple for abandon). The estimated prevalence of 
dysphonesia mong dyslexic individuals is 55-70% 
(Flynn & Boder, 1991; Flynn & Deering, 1989). A third 
type of dyslexia, dysphoneidesia, is a combination of the 
two types of deficits in eidetic and phonetic oding skills. 
The estimated prevalence of dysphoneidesia is approxi- 
mately 10% of dyslexic individuals (Flynn & Boder, 
1991; Flynn & Deering, 1989). 
Neurological studies have supported the notion of 
discrete subtypes by identifying different areas of the 
brain that are affected in dyseidesia nd dysphonesia. 
Roeltgen & Heilman (1984) described four cases of 
acquired lexical agraphia. The subjects had greater 
difficulty spelling phonetically irregular words and their 
spelling errors were frequently phonetically correct (e.g., 
wepon for weapon). This is consistent with the 
classification for dyseidesia. ACT scan indicated lesions 
in the left posterosuperior angular gyms and the parieto- 
occipital lobule. On the other hand, subjects with 
phonological agraphia (i.e., dysphonesia) had difficulty 
with writing phonetically regular non-words and words. 
In this group, lesions involved the supramarginal gyrus or 
insula deep to it and spared the angular gyms. Flynn and 
Deering (1989) used the EEG to measure neurological 
activity during reading in dyseidetics, dysphonetics, and 
normal readers. The ratio of theta power during reading 
and during rest was greater over the left temporal parietal 
region in the dyseidetic subjects as compared to 
dysphonetics and normal readers. Thus, neurological 
defects associated with dyseidesia and dysphonesia 
appear to be separate and discrete. 
In this project we assessed visual processing in adult 
subjects with dyseidetic and dysphoneidetic dyslexia. We 
chose to study dyseidetic dyslexia because some 
investigators have hypothesized that dyseidesia results 
from abnormal visual processing (Boder, 1971; 
Ciesielski, 1989; Flynn & Boder, 1991). Therefore, it is 
important o identify any deficit in lower level visual 
processing that would contribute to the nature of the 
dyseidesia. Dysphoneidetic dyslexia was chosen because 
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it represents the most severe type of dyslexia and thus, 
would be more likely to result in a significant difference 
among dyslexic groups. This is the first step towards 
relating specific fypes of language coding problems with 
deficits in the visual pathways. Portions of these data 
have been presented previously (Ridder, Borsting & 
Simmons, 1993; Borsting & Ridder, 1994). 
METHODS 
Subjects 
To participate, the subjects had to meet the following 
criteria: best corrected acuity of 6/6 in each eye at 6 m 
and 40 cm; no constant strabismus; no ocular pathology; 
stereoacuity of 50 sec arc or better; IQ of 85 or better, as 
measured by the Slossen Intelligence Test or the verbal 
portion of the WAIS. Twenty-six adult subjects were 
divided into three groups: normal readers, dyseidetic 
dyslexics, and dysphoneidetic dyslexics that were 
matched for age (P > 0.35 for all comparisons). The 
normal control readers consisted of seven males and two 
females and the average age was 35 yr (SD 8.7). The 
dyseidetic dyslexic group consisted of six males and 
three females and the average age was 36 yr (SD 11.1). 
The dysphoneidetic dyslexic group consisted of seven 
males and one female and the average age was 35 yr (SD 
11.5). The mean intelligence quotient of the normal 
readers was 128 (SD 7.1), the dyseidetic dyslexics was 
109 (SD 10.4), and the dysphoneidetic dyslexics was 94 
(SD 10.0). Intelligence was significantly lower when 
compared to normal readers for the dyseidetic 
(/ '<0.0005) and the dysphoneidetic dyslexics (P< 
0.0005). The dyslexic subtype was determined by the 
Adult Dyslexia Test (Griffin, Christenson & Walton, 
1990). This method assesses the decoding (saying words 
presented visually) and encoding (writing words pre- 
sented verbally) patterns of an individual in order to 
determine the specific subtype of dyslexia. The Adult 
Dyslexia Test has been shown to be consistent with the 
results of the Nelson-Denny Reading Test in an adult 
population of good and poor readers (Biberdorf, Petros, 
Olson & Agnes, 1994). Additionally, all subjects were 
interviewed to obtain information about previous diffi- 
culties with reading and spelling. All dyslexic subjects 
reported significant difficulties with spelling and reading 
during childhood, whereas the normal subjects reported 
no such difficulties. An additional seven normal control 
readers also participated in the experiment in order to 
compare the dyslexic group as a whole to normal readers. 
The additional seven normal subjects had no history of 
reading problems but we did not measure their intelli- 
gence or dyslexia status. 
Visual stimuli 
Vertically oriented sinusoidal gratings were displayed 
on a Tektronix 608 monitor. The gratings were generated 
with an Innisfree Picasso CRT image synthesizer 
controlled by an 80386 IBM computer. The monitor 
subtended an angle of 8.0 deg horizontally and 6.3 deg 
vertically at a distance of 1 m. The mean luminance of the 
screen was 22.3 cd/m 2 and the background luminance of 
the room was 1 cd/m 2. 
Procedure 
Each subject viewed the stimulus binocularly with 
their full emmetropic orrection at a distance of 1 m. 
Subjects older than 45 yr were corrected to the 1 m 
viewing distance. Subjects were restrained by means of a 
chin rest. A temporal, two-alternative, forced-choice 
technique was used. The subject, using a computer 
mouse, had to determine which time interval contained 
the stimulus. A modified staircase method was used to 
determine the threshold. The stimulus contrast was 
increased (0.1 log units) if an incorrect response was 
made and the stimulus contrast was decreased (0.1 
log units) when two consecutive correct responses were 
made. Seven reversals were tracked at each spatial 
frequency and the last five reversals were averaged to 
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FIGURE 1. Contrast ensitivity functions obtained for (a) 1 and (b) 
10 Hz drifting sine wave gratings for normal readers and dyseidetic 
dyslexics. No significant differences were obtained between the 
dyseidetic dyslexics and normal readers for the 1 and 10 Hz conditions. 
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dyslexics was done for the 1 Hz condition. The main 
effect for groups was not significantly different in the 
1 Hz condition [F(2, 23) = 1.13, P = 0.34]. Neither 
dyslexic subgroup was different from the normal readers. 
There was a significant main effect for spatial frequency 
[F(5, 115) = 129.23, P < 0.0001], with sensitivity de- 
creasing as the spatial frequency increased. The interac- 
tion between groups and spatial frequencies was not 
significant IF(5, 115) = 0.86, P = 0.57]. 
A two-way ANOVA yielded quite different results at 
10Hz. The main effect for groups was significant 
[F(2, 23)= 5.33, P = 0.01], indicating that the type of 
dyslexia resulted in different sensitivity to stimuli 
presented at a higher temporal frequency. There was a 
significant main effect for spatial frequency 
IF(5, 115) = 270.21, P < 0.0001], with sensitivity de- 
creasing as the spatial frequency increased. The interac- 
tion between groups and spatial frequencies was not 
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FIGURE 2. Contrast sensitivity functions obtained for (a) 1 and 
(b) 10 Hz drifting sine wave gratings for normal readers and 
dysphoneidetic dyslexics. The dysphoneidetic dyslexics were sig- 
nificantly less sensitive at 0.5, 1.0, and 2.0c/deg in the 10Hz 
condition. 
determine the mean and standard deviation. Six spatial 
frequencies (0.5, 1.0, 2.0, 4.0, 8.0, 12.0c/deg) were 
employed and the gratings were drifting at two temporal 
frequencies (1 and 10 Hz). The stimulus was presented 
for 500 msec and was ramped on and off. The order of 
presentation was randomized and half the subjects tarted 
with the 1 Hz condition first. 
RESULTS 
Contrast thresholds for each spatial frequency were 
converted to log sensitivity scores. The means for each 
spatial frequency at the 1 and 10 Hz conditions for the 
normal and dyseidetic dyslexics are shown in Fig. 1 and 
the means for normal readers and dysphoneidetic 
dyslexics are shown in Fig. 2. 
A two-way analysis of variance (ANOVA) for the 
normal readers, dyseidetic dyslexics, and dysphoneidetic 
>- 
I -  
I -  
Z 
RI 
09 
I -  (/} 
t r  
I -  
z 
O 
O 
2.5  
1 .5"  
0 .5  
.1  
(a) 
| 
0 
1 HZ 
| 
[] Normal 
• Dyslexic 
. . . . . . . .  i . . . . . . . .  i . . . . . . . .  
1 10 100 
SPAT IAL  FREQUENCY (C /DEG)  
>- 
I -  
> 
B 
o~ 
z 
LU 
O~ 
F- 
O0 
n" 
Z 
0 
25-  
1 .5"  
05  
.1  
(b) 10 HZ 
0 
[] Normal 
• Dyslexic 
. . . . . . . .  i . . . . .  i . . . . . . . .  
1 ' ' " 10  100 
SPAT IAL  FREQUENCY (C /DEG)  
FIGURE 3. Contrast sensitivity function obtained for (a) 1 and 
(b) 10 I-Iz drifting sine wave gratings. No significant differences were 
obtained between the combined group of dyseidetic and dysphonei- 
detic dyslexics and normal readers at 1 Hz. The combined group of 
dyseidetic and dysphoneidetic dyslexics were significantly less 
sensitive at 0.5, 1.0, and 2.0 c/deg in the 10 Hz condition. 
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significant [F(5, 115) = 1.11, P = 0.36]. To further ana- 
lyze the group differences post-hoc t-tests were done to 
compare dyseidetic dyslexics to normal readers and 
dysphoneidetic dyslexics to normal readers at each 
spatial frequency. The dysphoneidetic dyslexics were 
less sensitive at 0.5c/deg (P = 0.03), 1.0 c/deg (P = 0.01), 
and 2.0 c/deg (P = 0.02). No significant differences were 
observed at the higher spatial frequencies for the 
dysphoneidetic group (P/> 0.07). The dyseidetic dys- 
lexics were not significantly different from the normals at 
any spatial frequency (P/> 0.20). This indicates that the 
dysphoneidetic dyslexic subjects had reduced sensitivity 
to low spatial frequency stimuli presented at a high 
temporal frequency. 
Previous studies that evaluated the presence of a 
magnocellular defect in dyslexic subjects have not used a 
subtyping paradigm. Instead the dyslexic subjects were 
treated as an homogenous group. In order to compare our 
results to these studies we combined the dyseidetic 
dyslexics and the dysphoneidetic dyslexics into a 
dyslexic group (17 subjects). This group was then 
compared to a group of normal readers. As discussed 
earlier eight additional normal readers participated in this 
part of the experiment. The means for each spatial 
frequency at 1 and 10Hz for normal readers and 
dyslexics are shown in Fig. 3. 
A two-way ANOVA was used to compare the groups at 
1 and 10 Hz. At 1 Hz there was no significant effect for 
groups [F(1, 32) = 2.31, P = 0.14], indicating that the 
dyslexic group was not less sensitive than normal readers. 
However, at 10 Hz the main effect for groups was 
significant [F(1, 32) = 5.00, P = 0.03]. The dyslexic 
groups had reduced sensitivity compared to normal 
readers. To further analyze the group differences post- 
hoc t-tests were done at each spatial frequency. The 
dyslexic group was significantly less sensitive at 0.5 
c/deg (P = 0.007), 1.0 c/deg (P = 0.01), and 2.0 c/deg 
(P = 0.04). No significant differences were observed at 
the higher spatial frequencies (P 7> 0.31). 
DISCUSSION 
The results indicate that adult dyseidetic dyslexics are 
not less sensitive than normals to a broad range of spatial 
frequencies presented at 1 and 10 Hz. On the other hand, 
dysphoneidetic dyslexics manifest reduced sensitivity to 
low spatial frequency stimuli at 10 Hz. The results are 
consistent with the notion that adult dysphoneidetic 
dyslexics have a deficit in the magnocellular pathway, 
whereas dyseidetics do not. Thus, the presence of a 
magnocellular defect appears related to the subtype of 
dyslexia. 
However, it could be argued that we did not find a 
magnocellular pathway defect in dyseidetic dyslexics 
because of our methodology. For example, Martin and 
Lovegrove (1987) employed a stimulus drifting at 20 Hz 
to demonstrate a magnocellular deficit in dyslexics. The 
10 Hz stimulus that we employed may have lacked 
sufficient sensitivity to detect a subtle deficit in the 
magnocellular pathway. However, current research 
suggests that a temporal frequency of 10 Hz is adequate 
to isolate the magnocellular pathway (Regan, 1983; 
Anderson & Burr, 1985; Merigan & Maunsell, 1990; 
Strasburger, Murray & Remky, 1993). Furthermore, our 
results for dysphoneidetic dyslexics uggest that a 10 Hz 
stimulus is adequate to isolate the magnocellular path- 
way. 
Another difference between the groups was IQ. The 
normal readers had an above average IQ, the dyseidetic 
dyslexics were slightly above average, and the dyspho- 
neidetics were slightly below average. Our results could 
reflect differences in intelligence rather than the type of 
dyslexia. However, this would seem unlikely. First, the 
group with the lowest IQ, dysphoneidetic dyslexics, still 
had an IQ in the average range. Second, IQ differences 
should result in overall performance differences between 
the groups. The dysphoneidetic dyslexic group only had 
reduced sensitivity to low spatial frequency stimuli at 
10 Hz but had normal sensitivity for other stimuli. 
Furthermore, the dyseidetic dyslexic group demonstrated 
no differences from the normal readers, even though their 
IQ was significantly lower. Thus, it is not likely that IQ 
differences would have accounted for the differences 
between the dysphoneidetic group and normals. 
Our results appear to differ from those of Gross-Glenn 
et al. (1995), who found no difference between adult 
dyslexics and normal readers when measuring contrast 
sensitivity to a low spatial frequency target presented at 
various stimulus durations. The subjects and methodol- 
ogy used by Gross-Glenn et al. (1995) are similar to ours. 
Both studies empleyed adult dyslexics. Furthermore, our 
stimulus of 0.5 c/2deg drifting at 10 Hz should give a 
result similar to their stimulus of 0.6 c/deg presented for 
34 msec (nominally 14.7 Hz). However, they did not find 
a reduced contrast sensitivity for the 0.6 c/deg stimulus 
for the dyslexics. This result can be explained if their 
subject population contained a large number of dyseidetic 
dyslexics. Although, we can only speculate on the types 
of dyslexics in the Gross-Glenn study, the IQ for their 
dyslexic group (112) was very similar to our dyseidetic 
group. Thus, we would argue that the existence of the 
magnocellular defect depends on the type of dyslexia 
manifested by the individual. 
The lack of an observed efect in the magnocellular 
pathway in dyseidetic dyslexics appears consistent with 
the prevalence of dyseidesia. Lovegrove et al. (1990) 
estimated that 25% of subjects with a specific reading 
disability did not manifest a magnocellular pathway 
deficit. The prevalence of dyseidetic dyslexia ranges 
from 10 to 30% (Flynn & Boder, 1991; Flynn & Deering, 
1989). Thus, the dyseidetic dyslexics may comprise the 
segment of the dyslexic population that do not have a 
magnocellular pathway defect. As discussed earlier, this 
observation could account for the contradictory esults of 
studies that found no differences in visual processing 
between ormal and dyslexic individuals (Victor et al., 
1993; Smith et al., 1986). The poor readers in these 
studies could have been predominately dyseidetic 
dyslexics. 
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The presence of a magnocellular defect in dysphonei- 
detic dyslexia is consistent with prior observations that 
dyslexic individuals with a defect in the magnocellular 
pathway have poor phonetic awareness skills (Lovegrove 
et al., 1982, 1990). Individuals that Lovegrove et al. 
(1982, 1990) identified with poor phonetic skills would 
be classified as dysphoneidetic or dysphonetic by our 
classification scheme. That is, the primary difference 
between the dyseidetic and the dysphoneidetic dyslexic is 
the ability to perform phonological nalysis and synthesis 
skills. The relationship between phonological processing 
and a magnocellular defect has not been elucidated. 
Individuals with acquired phonetic defects have been 
shown to have neurological lesions in the supramarginal 
gyrus or the insula deep to it (Roeltgen & Heilman, 
1984). On the other hand, individuals with acquired 
dyseidesia have neurological lesions in the left poster- 
osuperior angular gyrus and the parieto-occipital lobule 
(Roeltgen & Heilman, 1984). This indicates that the 
cortical lesions associated with dyseidesia nd dyspho- 
nesia are different. Recent PET studies have shown that 
the insula, an area that is affected in acquired dyspho- 
nesia, is activated uring saccades (Anderson, Jenkins, 
Brooks, Hawken, Frackowiak & Kennard, 1994). Thus, 
dysphonesia may result in an abnormal saccade mechan- 
ism that could adversely effect reading. 
Breitmeyer and Ganz (1976) and Breitmeyer (1993) 
have theorized that the magnocellular and parvocellular 
pathways interact during the saccades and fixations that 
occur while reading. They hypothesized that the 
magnocellular pathway was activated by an eye move- 
ment (e.g., saccade), whereas the parvocellular pathway 
was activated uring a fixation. Since the parvocellular 
response can last several hundred milliseconds, it may 
outlast the physical duration of the stimulus (visible 
persistence). In reading, persistence may present a 
problem because information from the previous fixation 
could be superimposed on the subsequent fixation. 
Breitmeyer proposed that the persistence of a previous 
image could be suppressed by the activity of the 
magnocellular pathway. The initiation of the saccade 
activates the shorter latency magnocellular pathway 
which inhibits activity from the parvocellular pathway. 
The result is a series of clear images which allow higher 
level functions to receive proper sequential information. 
If the magnocellular pathway was sluggish then the 
normal timing of suppression could be disrupted. In this 
case successive fixations would re,i It in smeared images 
as the information from the previous fixation overlaps 
with the present fixation. This problem could further 
impair the reading skills of dyslexic individuals who 
already have difficulties with coding individual words. 
In conclusion, the presence of a magnocellular path- 
way deficit appears to vary by the type of dyslexia. The 
dyseidetic or "visual type" of dyslexia did not show 
changes in visual processing consistent with a deficit in 
magnocellular processing whereas the dysphoneidetic 
did. Previous tudies that detected a magnocellular defect 
in dyslexics probably did not have many dyseidetics in 
the subject population. This investigation i dicates that 
future studies of dyslexia should subtype this hetero- 
geneous population before analyzing visual capabilities. 
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